Importance
Fish production from aquaculture facility has become a major source of protein for human Introduction 60 The importance of aquaculture fish as food stock has grown rapidly in recent decades as the 61 amount of wild-caught fish plateaued, while the human world population continues to grow (1, 62 Richness and alpha diversity of bacterial communities 141 Overall, the mean observed number of OTUs was significantly higher in the control samples 142 (5,754) compared to diseased farm fish (5, 490) or experimentally infected fish (3, 667) , 143 although both diseased farm fish and experimentally infected fish displayed great variation 144 amongst individuals (SD=1,437, 2,166 and 2,390, respectively) (Kruskal-Wallis rank sum test, 145 χ 2 = 12.03, p < 0.05) (Table S1 for individual alpha diversity values). In terms of different 146 tissue types, higher number of OTUs were found in the gut (4,991 ± 2,322) than skin (4,787 ± 147 1,950), kidney (3,508 ± 3,378) and brain (2,568 ± 932), although these differences were not 148 statistically significant (Kruskal-Wallis rank sum test, χ 2 = 7.39, p = 0.06). A similar pattern 149 was also detected for the Chao1 index (Kruskal-Wallis rank sum test, χ 2 = 8.50, p < 0.05). The 150 clearest difference between the treatments was detected in the Shannon index ( Figure 1 ). The 151 control fish showed a significantly higher diversity (6.05 ± 0.10) than both diseased farm fish 152 (2.60 ± 0.57) and experimentally infected fish (2.76 ± 1.21), although a few samples (~3) from 153 experimentally infected fish also possessed similarly high indices (Kruskal-Wallis rank sum 154 test, χ 2 = 17.44, p < 0.05).
155
Taxonomic composition of microbiota in healthy and diseased fish 156 An in-depth taxonomic analysis indicated that strong differences between the three different an ordination plot of the OTUs at 97% cutoff show distribution of the major OTUs amongst 189 the axisthe three major phyla siding with the three experimental conditions ( Figure S1 ). The 190 difference in the microbiome between the treatments were statistically supported by ANOSIM 191 (P < 0.05), as well as the probabilistic modeling to cluster microbial communities into 192 metacommunities by Dirichlet Multinomial Mixtures method (24) . The optimum clustering of 193 the samples was three, which can be best explained by the sample treatments. 194 Given the strong clustering based on the treatment, we further identified the OTUs responsible 195 for this via LEfSe (Table S3 T. singaporense and T. mesophilum at 16S rRNA gene level, genome-wide average nucleotide 236 identity (ANI) was used to determine the species delineation (25). Two-way ANI from 9,697 fragments were 92.07%, well below 95-96% threshold used for species delineation. This was 238 supported by genome sequence-based delineation (GGDC) (26), that showed that the 239 probability that DNA-DNA hybridization would be over 70% (i.e., same species) is a mere 240 9.5% (via logistic regression). (Table S5 ).
251
Negative test result for the presence of flexirubin indicated that T. singaporense does not 252 produce flexirubin.
253
The ability of T. singaporense to utilise casamino acids, N-acetylglucosamine, sucrose, D-254 ribose, DL-aspartate, L-proline, L-glutamate, hydrolysis of starch, hydrolysis of gelatine, and 255 hydrolysis of chitin was also tested. Casamino acids and hydrolysis of gelatine are the only two 256 of the ten carbon sources found to be used by T. singaporense.
257
Substrate utilisation and substrate derived acid production were tested using API CHE and API fosfomycin, and nystatin (see Table S8 for the antibiotic test results).
264
Assembly and analysis of the T. singaporense and T. mesophilum genomes 265 The genome of the isolated T. singaporense DSM 106434 T as well as that of the T. mesophilum proteins. 2,149 proteins were assigned as FIGfam (see Table S9 for the summary of genome 277 statistics (Table S12 ). The most common were toxin formation and iron uptake (both 22.9%), followed 323 by defense (including anti-phagocytosis, immune evasion and antimicrobial activity; 18.3%).
324
Of the toxin formation genes, many were encoding potential hemolysins, which destroy the 325 cell membrane of the host red blood cells. For iron uptake, many were iron transporters and 326 peptide synthase, along with some acinetobactin biosynthesis genes were identified. Adherence
327
(12.8%, mostly in the form of minor curlin and internalin, but also including biofilm 328 formation), stress protein (9.2%), regulation (3.7%) and motility (2.8%) were also found. Less 329 common (and thus classified as others) included secretion system, intracellular survival 330 mechanism and enzymes.
331
In terms of the organism these factors were found in, many of the hits were from Pseudomonas 332 aeruginosa PAO1 (17.4%) and Haemophilus influenza Rd KW20 (14.7%). Those originating from the former included iron uptake, adherence and anti-phagocytosis genes, while the latter 334 were toxin, immune evasion and iron uptake genes. We could not determine whether the 335 apparent bias in the origin of virulence factor was from horizontal gene transfer (HGT) as 336 opposed to simply a bias in the database or the genomes of those in the database. Given the 337 possibility of HGTs in acquiring the virulence factors, we further investigated the genome 338 island present in the T. singaporense DSM 106434 T genome ( Figure S3 ). There were nine 339 major genomic islands identified by at least two methods (Integrated, Island-Path-DIMOB and 340 SIGI-HMM), with the largest one spanning 85,087bp.
341

Type IX Secretion System
342
Secretion systems (SS) are important for pathogens as means of delivering virulence factors.
343
One type 9 secretion system (T9SS) has recently been discovered in the genome of T. Tenacibaculum species ( Figure 6 ). In T. maritimum, four homologues of porP genes have been 349 found, with ompA and putative adhesion genes directly flanking the gene in all four instances.
350
OmpA is a conserved protein domain common in pathogenic bacteria that may act as porin. In The initial approach of this study to analyse the Asian seabass microbiota relied on the use of 383 primers 515FB and 806RB recommended by the earth microbiome project. These primers have 384 been widely used in many different habitats and are known to have relatively little bias against 385 specific taxa (28). However, it was found in this study that this primer pair mainly amplified a 386 region of the fish ITS1 gene and that only low numbers of amplicon sequencing reads could be 387 assigned to microbial taxa, making it necessary to use a different primer pair. The 27f/338r 388 primer pair used in this study is known to be biased against some taxa, e.g. Bifidobacteria (29), 389 but has also been used widely in microbiome studies, it was sufficient for this study to detect 390 the suspected pathogens and to provide insights into the diversity of the Asian seabass 391 microbiome. The increasing interest to analyse fish microbiota may make it necessary to further 392 optimize the required technical approaches. This could include approaches to reduce the 393 concentration and/or amplification of host DNA in the samples or additional modifications of 394 primers, such as the use of blocking primers (30). Considering that fish are the most abundant 395 group of vertebrates with an estimate of more than 34,000 different species (31), it may 396 currently be a difficult task to develop a universal approach that works for many or all species 397 of fish.
398
Differences in microbiota composition between healthy fish, diseased farm fish and 399 experimentally infected fish 400 The alpha-and beta-diversity analysis did reveal strong differences in microbiota composition 401 between healthy and diseased fish, but also between the diseased farm fish and the 402 experimentally infected fish. Although skin is the most obvious site of infection, the difference 403 in the microbiome was pronounced in the internal organs as well. In general, healthy fishes 404 harboured more diverse gut microbial communities in terms of richness and evenness. other bacterial genera potentially influencing the successional pattern of disease progression.
484
In this line it is also interesting to note that it has been shown in mouse experiments that the 485 susceptibility to pathogen invasion could be predicted based on the abundance of closely 486 related species (49), e.g. in the case of seabass it could mean that the presence of T. 487 singaporense may increase the susceptibility for a T. maritimum invasion, instead of T.
488 singaporense being directly pathogenic to fish.
489
Overall, it may turn out to be highly valuable to obtain better insights into the genome content 
